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Mijnenbestrijdingsoperaties  met  de  op  afstand  bestuurde  Trojka  drones  vereisen  een  grote 
schokbestendigheid  van  deze  schepen. 

Een  eerste  serie  van  drie  schokproeven  met  underwater  explosies  vond  in  augustus  1996 
plaats,  een  tweede  serie  van  drie  schokproeven  in  oktober  1996.  Daarbij  werd  een  16  m 
lange  bebaUaste  proefromp,  met  daarin  opgesteld  een  zwevende  vloer,  zwaar  op  schok 
belast. 

Het  duel  van  deze  proefnemingen  is  om  duidelijker  de  grenzen  van  de  operationele 
inzetbaarheid  te  kunnen  aangeven  en  over  meer  gegevens  te  kunnen  beschikken  betreffende 
de  optredende  schokbewegingen.  Die  moeten  dan  vertaald  worden  naar  het  Schokbestek  voor 
Trojka. 


In  opdracht  van  de  Afdehng  Scheepsbouw,  Bureau  SO&O,  heeft  TNO  met  ruim  50 
meetkanalen  versnelUngen,  rekken,  relatieve  verplaatsingen  en  drukken  vastgelegd. 

De  eerste  seiie  van  drie  schokproeven  zijn  gerapporteerd  in  TNO-rapport  96-CMC-R0294. 
Dit  rapport  beschrijft  de  tweede  serie  van  drie  schokproeven  en  presenteert  aUeen  de 
meetsignalen. 


Li  het  kader  van  een  andere  opdracht  (A96/KM/147)  is  inmiddels  begonnen  met  de 
interpretatie  van  die  meetsignalen  en  de  betreffende  rapportage. 
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1.  Introduction 

The  Royal  Netherlands  Navy  started  a  research  project  for  modernizing  the  mine  sweeping 
capabilities. 

A  part  of  the  project  investigates  the  possibilities  to  use  a  system  of  mine  sweeping  drones 
which  are  unmanned  and  remotely  operated,  called  Trojka  system. 

Because  the  Trojka  system  will  be  exposed  to  severe  underwater  explosion  shock  loadings, 
extreme  high  demands  were  set  with  respect  to  shock  resistance. 

In  order  to  investigate  the  behaviour  of  the  Trojka  structure  against  shock  load,  underwater 
shock  load  tests  were  carried  out  on  a  full  scale  test  model  of  the  Trojka  vessel. 

The  project  is  done  in  close  cooperation  with  the  Wehrtechnische  DienststeUe  fiir  Schiffe 
land  Marinewalfen  (WTD71). 

The  first  series  of  three  measurements  have  been  carried  out  near  Eckemfdrde,  Germany. 
WTD71  did  additional  measurements  as  laser  displacements,  pressure  transducers  and 
accelerometers. 

The  second  series  of  three  measurements  have  been  carried  out  at  the  Northsee.  WTD71  did 
additional  measurements  as  laser  displacements  (for  shot  4)  and  pressure  transducers.  This 
report  only  contains  the  measured  results  of  TNO  for  shot  4  to  6. 

The  first  series  of  three  measurements  (shot  1  to  3)  are  reported  in  TNO-report  96-CMC- 
R0294  [1]. 

The  strain  gauges  were  mounted  by  the  ’Marine  Electronisch  en  Optisch  Bedrijf’(MEOB) 
as  weU  as  the  cabling  inside  the  drone.  The  measuring  cables  from  drone  to  measuring  ship 
were  provided  with  connectors  by  the  MEOB. 
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2.  Objectives 

The  objectives  of  the  tests  is  to  assess  the  resistance  of  the  structure  to  underwater  shock 
loads  and  to  assess  the  response  of  the  drone  and  the  floating  deck  due  to  the  bulk  cavitation 
closure  pulse  and  to  the  gasbubble  pulsation. 

The  shock  behaviour  will  be  described  in  a  future  interpretation  report  and  will  be  used  for 
the  shock  specifications  of  the  Trojka  drones. 
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3.  Experimental  setup  and  measurement  system 

3.1  Test  setup 

The  test  setup,  charge  geometry  and  resulting  damage  are  described  in  a  separate  report  of 
the  Royal  Netherlands  Navy  [2]. 


3.2  Measurement  locations 

The  following  transducers  have  been  used  : 

-  a  trigger  signal  device; 

-  the  detonation  signal  device; 

-  24  strain  gauges; 

-  4  relative  displacement  transducers; 

-  28  accelerometers; 

-  2  pressure  transducers. 

The  transducers  are  indicated  as  follows  : 

S:  strain  gauge; 

A:  accelerometer; 

R:  relative  displacement  transducer  between  shell  and  floating  deck; 

P:  pressure  transducer  in  the  water. 

Definition  of  Drone  sections  : 

1:  aft  compartment; 

2:  engine  room; 

3:  fuel  tank; 

4:  fore  compartment. 

Definition  of  the  axes  : 

0-point  all  axes  :  centre  of  aft  bulkhead,  outside; 

-i-x  axis  :  from  0-point  to  bowsection; 

+y  axis  :  from  0-point  to  P.S; 

+z  axis  :  from  0-point  up. 

Table  1  gives  the  coordinates  of  the  transducers. 

The  position  of  the  transducers  are  graphically  presented  in  figure  1. 

3.3  Data  acquisition  system  and  signal  conditioning 

AU  used  accelerometers  and  the  pressure  transducer  are  piezo  resistive  because  this  type  of 
transducers  gives  the  best  results  on  shock. 
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Accelerometers  A1  to  A16  have  been  mounted  using  a  so-called  mechanical  filter  (an 
aluminium-rubber  interface)  [3].  For  these  locations  undamped  accelerometers  of  Endevco 
type  7270A-6K  (range  6,000  g)  and  7270A-20K  (range  20,000  g)  have  been  used. 
Accelerometers  A17  to  A28  are  mounted  on  the  floating  deck.  Internally  damped 
accelerometers  of  Endevco  type  2262A-200  (range  200  g)  have  been  used  (for  shot  5  and 
shot  6  at  location  A17  and  at  location  A22  accelerometers  of  Endevco  type  7270A-6K  have 
been  used). 

The  transducers  have  been  cahbrated  prior  to  testing  and  checked  afterwards  again.  The 
acquisition  equipment  is  calibrated  regularly. 

For  signal  conditioning  and  acquisition  a  58  chaimel  SCADAS-H  system  equipped  with 
PDFA-ETD  modules  (make  Difa)  was  used. 

The  sampling  frequency  is  16129  Hz. 

To  make  a  higher  sample  rate  possible  a  16  channel  DSA210  (make  Difa)  has  been  used 
with  a  sampling  frequency  of  51200  Hz. 

The  trigger  signal,  detonation  signal,  A1  to  A3,  A5,  A7  to  All,  A13,  A15,  A16,  PI  and  P2 
have  been  measured  with  a  sampling  frequency  of  51200  Hz. 

AU  the  measuring  systems  used,  operated  with  a  16  bits  ADC  and  the  analogue  low  pass 
filters  are  optimized  for  linear  phase  characteristic  to  ensure  an  undistorted  time  history. 


3.4  Calibration  of  accelerometers 

AU  accelerometers  were  calibrated  according  to  ISO  5347  part  3,  using  a  shaker  and  a 
primary  standard  accelerometer. 

The  type  7270A-6K  and  7270A-20K  accelerometers  were  supplementary  cahbrated  on 
shock,  using  a  Hopkinson  bar  and  a  laser  displacement  sensor  as  a  reference. 

In  order  to  get  information  about  the  reliabihty  of  the  double  integrated  acceleration  signals 
some  measurements  were  done  using  the  Hopkinson  bar. 

It  is  found  that  the  7270A-20K  accelerometers  give  good  displacement  results  over  a 
timeperiod  between  10  and  25  ms  (the  mean  timeperiod  of  vahd  displacement  signals  is  22 
ms).  The  7270A-6K  accelerometers  give  good  displacement  results  over  a  timeperiod 
between  20  and  30  ms  (the  mean  timeperiod  of  vahd  displacement  signals  is  26  ms).  The 
length  of  the  vahd  part  depends  mainly  on  the  transducer  itself. 

For  the  2262A-200  accelerometers  a  double  integration  over  500  ms  is  normaUy  no  problem. 


3.5  Calibration  of  pressure  transducer 

A  static  cahbration  of  the  pressure  transducers  have  been  carried  out  using  a  primary 
standard. 

The  pressure  transducers  were  tested  dynamicaUy  using  a  special  water  tube  in  which  the 
actual  shock  signal  is  simulated. 
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4.  Results 

Already  before  shot  4  strain  gauge  S9  and  strain  gauge  SIO  were  not  working.  There  was 
no  opportunity  to  repair  these  strain  gauges. 

At  shot  4  accelerometers  Al,  A7  and  A15  failed.  Accelerometer  A15  cotild  be  replaced  by 
another  transducer,  Al  and  A7  could  not  be  repaired. 


The  acceleration  signals  have  been  integrated  in  time  in  order  to  obtain  absolute  velocities. 
The  zero  level,  as  measured,  is  corrected  prior  to  time  integration  by  adding  a  scalar  (taking 
into  account  the  threshold  of  the  accelerometer).  No  further  adjustments  have  been  made  to 
make  a  good  interpretation  possible. 

The  integrated  accelerations  were  integrated  in  time  again  in  order  to  obtain  absolute 
displacements. 

The  integrator  used,  operates  by  the  trapezium  algorithm. 

Difficulties  with  the  integration  occurs  when  there  is  a  high  noise  level  in  the  acceleration 
signal  and/or  when  the  signals  are  disturbed,  for  instance  by  connector  problems. 

The  maximax  shock  response  spectra  were  calculated  from  the  acceleration  signals  at  1  % 
damping  with  24  points  per  octave. 

The  nature  of  the  signal  depends  on  the  location.  On  the  floating  deck  for  instance  the 
signals  are  much  slower.  The  duration  of  the  presented  signals  were  choosen  as  good  as 
possible  in  agreement  with  the  nature  of  the  signals. 

Table  2  gives  an  overview  of  the  presented  figures  of  shot  4,  table  3  gives  an  overview  of 
the  presented  figures  of  shot  5  and  table  4  gives  an  overview  of  the  presented  figures  of  shot 
6. 

Time  0  is  the  detonation  time. 

AU  accelerometer  signals  are  positive  in  the  positive  direction  of  the  axes  in  which  direction 
they  are  mounted.  (The  definition  of  the  axes  are  given  in  chapter  3.2) 

The  relative  displacement  transducers  R1  to  R4  gives  a  negative  signal  due  to  shortening. 
The  floating  deck  moves  much  more  vertically  than  horizontally  so  the  signals  of  R2  and 
R4  wUl  not  purely  be  the  horizontal  movements  (They  are  influenced  by  the  vertical 
movements). 

From  some  sensors  there  were  small  DC-shifts  and  spikes  in  the  time  signals.  Those 
disturbances  are  typically  for  cabling  problems  and  connection  problems. 

During  the  first  series  of  three  measurements  (shot  1  to  3)  it  was  found  that  the  connectors 
of  the  long  measuring  cable  give  problems  when  these  are  hit  in  transverse  direction.  [1] 
There  was  no  opportunity  to  provide  the  measuring  cables  with  other  connectors. 

During  shot  4  accelerometers  A25  to  A28  were  not  mounted. 

From  the  integrated  signals  of  A3,  A4  and  A12  it  is  clear  that  these  signals  are  disturbed. 
The  disturbances  are  probably  caused  by  connector  problems. 

Of  course  the  result  of  the  maximax  shock  response  spectra  calculation  is  influenced  as  well 
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by  disturbances  of  the  time  histories. 

The  signal  of  A3  is  only  valid  for  about  15  ms  and  A12  is  only  valid  for  about  2.54  ms. 
From  the  signal  of  A12  no  shock  response  spectrum  is  calculated. 

The  shock  response  spectrum  of  A3  is  calculated  only  over  the  first  15  ms  signal. 

During  shot  5  accelerometers  A3,  A4,  A18  to  A21,  A23  and  A24  were  not  mounted. 
There  still  were  some  connector  problems. 

Integration  of  AlO  to  A12  and  A16  shows  that  these  signals  are  disturbed. 

The  results  of  the  maximax  shock  response  spectra  calculations  are  influenced  by  these 
disturbances. 

The  signal  of  A12  is  only  valid  for  about  5  ms  and  A16  is  only  valid  for  about  6.1  ms. 
From  the  signals  of  AlO  to  A12  and  A16  no  shock  response  spectrum  is  calculated. 

The  relative  displacements  of  R1  and  R3  failed. 

During  shot  6  accelerometers  A3,  A4,  A18  to  A21,  A23  and  A24  were  not  mounted. 
There  still  were  some  connector  problems. 

Integration  of  A2,  AlO  to  A13  and  A16  shows  that  these  signals  are  disturbed. 

The  results  of  the  maximax  shock  response  spectra  calculations  are  influenced  by  these 
disturbances. 

The  signal  of  A2  is  only  valid  for  about  5  ms,  A13  is  only  valid  for  about  3.5  ms  and  A16 
is  only  valid  for  about  4.4  ms. 

From  the  signals  of  A2,  A13  and  A16  no  shock  response  spectrum  is  calculated. 

The  relative  displacements  (R1  to  R4)  failed  after  about  820  ms  signal. 

The  pressure  transducer  PI  changed  from  position  during  shot  6.  It  moved  up  about  2 
meters.  This  is  probably  caused  by  the  gas  bubble. 

A  final  remark  concerns  the  specific  mentioning  in  the  foregoing  text  of  those  acceleration 
signals  being  disturbed  during  the  various  shots.  Contemplating  these  signals  after 
integration  (velocity  results),  it  is  quite  clear  from  the  signals  themselves  that  they  are 
showing  defects. 

Note  that  there  are  other  acceleration  signals,  not  mentioned  before,  which  suffer  to  some 
extend  from  these  disturbances  as  well. 

Only  the  transducers  on  shell,  foundation  and  bulkheads  (A1  to  A16)  show  such  limitations. 
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Table  1.  Sensor  locations 


sen 

sor 

sec 

tion 

global  position 

x[mm] 

y[mm] 

z[mm] 

SI 

1 

top  deck,  outside 

3500 

0 

1550 

S2 

1 

top  deck,  inside 

3500 

0 

1525 

S3 

2 

shell  outside,  on  waterline 

8000 

-1550 

0 

S4 

2 

shell  inside,  on  waterline 

8000 

-1525 

0 

S5 

2 

shell  outside,  near  foundation 

7900 

-1110 

-1120 

S6 

2 

shell  outside,  near  foundation 

7900 

-1110 

-1120 

S7 

2 

shell  inside,  near  foundation 

7900 

-1090 

-1100 

S8 

2 

shell  inside,  near  foundation 

7900 

-1090 

-1100 

S9 

2 

shell  outside,  near  foundation 

7900 

-910 

-1290 

SIO 

2 

shell  outside,  near  foundation 

7900 

-910 

-1290 

Sll 

2 

shell  inside,  near  foundation 

7900 

-890 

-1260 

S12 

2 

shell  inside,  near  foundation 

7900 

-890 

-1260 

S13 

2 

shell  outside,  between  keel  and  foundation 

7900 

-480 

-1500 

S14 

2 

shell  outside,  between  keel  and  foundation 

7900 

-480 

-1500 

S15 

2 

shell  inside,  between  keel  and  foundation 

7900 

-470 

-1470 

S16 

2 

shell  inside,  between  keel  and  foundation 

7900 

-470 

-1470 

S17 

2 

shell  outside,  keel 

7900 

0 

-1550 

S18 

2 

shell  outside,  keel 

7900 

0 

-1550 

S19 

2 

shell  inside,  keel 

7900 

0 

-1525 

S20 

2 

shell  inside,  keel 

7900 

0 

-1525 

S21 

2 

shell  outside,  near  foundation 

7900 

1110 

-1120 

S22 

2 

shell  outside,  near  foundation 

7900 

1110 

-1120 

S23 

2 

shell  inside,  near  foundation 

7900 

1090 

-1100 

S24 

2 

shell  inside,  near  foundation 

7900 

1090 

-1100 

S25 

4 

top  deck,  outside 

13500 

0 

1550 

S26 

4 

top  deck,  inside 

13500 

0 

1525 

A1 

1 

aft  bulkhead,  near  keel 

25 

0 

-1400 

A2 

1 

aft  bulkhead,  near  top  deck 

25 

0 

1400 

A3 

2 

aft  bulkhead  engine  room,  near  keel 

6010 

0 

-1400 

A4 

2 

aft  bulkhead  engine  room,  near  keel 

6010 

0 

-1400 

A5 

2 

aft  bulkhead  engine  room,  near  top  deck 

6010 

-100 

1400 
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sen 

sor 

sec 

tion 

global  position 

x[mm] 

y[mm] 

z[mm] 

A6 

2 

aft  bulkhead  engine  room,  near  top  deck 

6010 

-100 

1400 

A7 

2 

shell,  near  foundation 

8100 

1120 

-1050 

A8 

2 

on  the  foundation 

8100 

1040 

-1110 

A9 

2 

shell,  near  foundation 

8100 

-1120 

-1050 

AlO 

2 

on  the  foundation 

8100 

-1040 

-1110 

All 

2 

fore  bulkhead  engine  room,  near  keel 

9990 

0 

-1400 

A12 

2 

fore  bulkhead  engine  room,  near  keel 

9990 

0 

-1400 

A13 

2 

fore  bulkhead  engine  room,  near  top  deck. 

9990 

0 

1400 

A14 

2 

fore  bulkhead  engine  room,  near  top  deck. 

9990 

0 

1400 

A15 

4 

fore  bulkead,  near  keel 

15975 

0 

-1205 

A16 

4 

fore  bulkead,  near  top  deck 

15975 

0 

1400 

A17 

2 

floating  deck 

8090 

900 

-700 

A18 

2 

floating  deck 

8090 

900 

-700 

A19 

2 

dummy  mass  floating  deck 

8090 

300 

0 

A20 

2 

top  dummy  mass  floating  deck 

8090 

0 

725 

A21 

2 

top  dummy  mass  floating  deck 

8090 

0 

725 

A22 

2 

floating  deck 

8090 

-900 

-700 

A23 

2 

floating  deck  aft 

6620 

0 

-700 

A24 

2 

floating  deck  fore 

9560 

0 

-700 

A25 

2 

top  dummy  mass  floating  deck 

9040 

0 

725 

A26 

2 

top  dummy  mass  floating  deck 

9040 

0 

725 

A27 

2 

top  dummy  mass  floating  deck 

7170 

0 

725 

A28 

2 

top  dummy  mass  floating  deck 

7170 

0 

725 

R1 

2 

between  shell  and  f.d. 

8090 

1375* 

-675* 

R2 

2 

between  shell  and  f.d. 

8090 

1375* 

-675* 

R3 

2 

between  shell  and  f.d. 

8090 

-1375* 

-675* 

R4 

2 

between  sheU  and  f.d. 

8090 

-1375* 

-675* 

PI 

- 

8  m.  below  waterline,  PS 

8000 

1550 

-8000 

P2 

- 

4  m.  below  waterline,  PS 

8000 

1550 

-4000 

*  attachment  point  on  the  shell 


TNO-Report 

97-CMC-R0257 


Date 

2  January  1997 


Page 

14 


TNO-Report 

97-CMC-R0257 


Date 

2  January  1997 


Page 

15 


TNO-Report 

97-CMC-R0257 


Date 

2  January  1997 


Page 

16 


Table  3.  Presented  figures  for  shot  5 


Sensor 

SHOT  5  figure  number  (presented  time  in  ms) 

SRS 

1-1000 

Hz 

8-28 

12-32 

10-100 

0-240 

0-300 

0-2000 

0-4000 

PI 

145 

- 

- 

- 

- 

- 

146/147 

- 

SI 

- 

172 

- 

- 

148 

- 

- 

- 

S2 

- 

173 

- 

- 

149 

- 

- 

- 

S3 

- 

174 

- 

- 

150 

- 

- 

- 

S4 

- 

175 

- 

- 

151 

- 

- 

- 

S5 

- 

176 

- 

- 

152 

- 

- 

- 

S6 

- 

177 

- 

- 

153 

- 

- 

- 

SI 

- 

178 

- 

- 

154 

- 

- 

- 

S8 

- 

179 

- 

- 

155 

- 

- 

- 

Sll 

- 

180 

- 

- 

156 

- 

- 

- 

S12 

- 

181 

- 

- 

157 

- 

- 

- 

S13 

- 

182 

- 

- 

158 

- 

- 

- 

S14 

- 

183 

- 

- 

159 

- 

- 

- 

S15 

- 

184 

- 

- 

160 

- 

- 

- 

S16 

- 

185 

- 

- 

161 

- 

- 

- 

S17 

- 

186 

- 

- 

162 

- 

- 

- 

S18 

- 

187 

- 

- 

163 

- 

- 

- 

S19 

- 

188 

- 

- 

164 

- 

- 

- 

S20 

- 

189 

- 

- 

165 

- 

- 

- 

S21 

- 

190 

- 

- 

166 

- 

- 

- 

S22 

- 

191 

- 

- 

167 

- 

- 

- 

S23 

- 

192 

- 

- 

168 

- 

- 

- 

S24 

- 

193 

- 

- 

169 

- 

- 

- 

S25 

- 

194 

- 

- 

170 

- 

- 

- 

S26 

- 

195 

- 

- 

171 

- 

- 

- 

A2 

- 

- 

- 

196 

- 

- 

- 

248 

A5 

- 

- 

- 

197 

- 

- 

- 

249 

A6 

- 

- 

- 

198 

- 

- 

- 

250 

A8 

- 

- 

- 

199 

- 

- 

- 

251 

A9 

- 

- 

- 

200 

- 

- 

- 

252 

AlO 

- 

- 

- 

201 

- 

- 

- 

- 
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Sensor 

SHOT  5  figure  number  (presented  time  in  ms) 

SRS 

1-1000 

Hz 

8-28 

12-32 

10-100 

0-240 

0-300 

0-2000 

0-4000 

All 

- 

- 

- 

202 

- 

- 

- 

- 

A12 

- 

- 

- 

203 

- 

- 

- 

- 

A13 

- 

- 

- 

204 

- 

- 

- 

253 

A14 

- 

- 

- 

205 

- 

- 

- 

254 

A15 

- 

- 

- 

206 

- 

- 

- 

255 

A16 

- 

- 

- 

207 

- 

- 

- 

- 

A17 

- 

- 

- 

208 

- 

- 

- 

256 

A22 

- 

- 

- 

209 

- 

- 

- 

257 

A25 

- 

- 

- 

- 

- 

210 

- 

258 

A26 

- 

- 

- 

- 

- 

211 

- 

259 

A27 

- 

- 

- 

- 

- 

212 

- 

260 

A28 

- 

- 

- 

- 

- 

213 

- 

261 

vel.  A2 

- 

- 

214 

- 

- 

- 

- 

- 

vel.  A5 

- 

- 

215 

- 

- 

- 

- 

- 

vel.  A6 

- 

- 

216 

- 

- 

- 

- 

- 

vel.  A8 

- 

- 

217 

- 

- 

- 

- 

- 

vel.  A9 

- 

- 

218 

- 

- 

- 

- 

- 

vel.  A12 

- 

- 

219 

- 

- 

- 

- 

- 

vel.  A13 

- 

- 

220 

- 

- 

- 

- 

- 

vel.  A14 

- 

- 

221 

- 

- 

- 

- 

- 

vel.  A15 

- 

- 

222 

- 

- 

- 

- 

- 

vel.  A16 

- 

- 

223 

- 

- 

- 

- 

- 

vel.  A17 

- 

- 

224 

- 

- 

- 

- 

- 

vel.  A22 

- 

- 

225 

- 

- 

- 

- 

- 

vel.  A25 

- 

- 

- 

- 

- 

226 

- 

- 

vel.  A26 

- 

- 

- 

- 

- 

227 

- 

- 

vel.  A27 

- 

- 

- 

- 

- 

228 

- 

- 

vel.  A28 

- 

- 

- 

- 

- 

229 

- 

- 

displ.  A2 

- 

- 

230 

- 

- 

- 

- 

- 

displ.  A5 

- 

- 

231 

- 

- 

- 

- 

- 

displ.  A6 

- 

- 

232 

- 

- 

- 

- 

- 

displ.  A8 

- 

- 

233 

- 

- 

- 

- 

- 
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Fig. 3.  Shot  4  Sensor  P2 
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Fig. 4.  Shot  4  Sensor  Pi 
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Fig. 5.  Shot  4  Sensor  P2 


TNO-Report 

97-CMC-R0257 


Date 

2  January  1997 


Page 

A.4 


Centre  for  Mechanical  Engineering 


-3M0 1 _ L_ 

0  30 

t  microstrain 


Fig. 6.  Shot  4  Sensor  SI 
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Fig. 7.  Shot  4  Sensor  S2 
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Fig. 9.  Shot  4  Sensor  S4 
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Fig. 10.  Shot  4  Sensor  S5 


Fig. 11.  Shot  4  Sensor  S6 
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t  microstrain 


Fig. 12.  Shot  4  Sensor  S7 


Centre  for  Mechanical  Engineering 


0  30 

t  microstrain 


Fig. 13.  Shot  4  Sensor  S8 


TNO-Report 

97-CMC-R0257 


Date 

2  January  1997 


Page 

A.8 


Fig. 14.  Shot  4  Sensor  Sll 


Fig. 15.  Shot  4  Sensor  S12 


TNO-Report 

97-CMC-R0257 


Date 

2  January  1997 


0  30 

t  microstrain 


Fig. 16.  Shot  4  Sensor  S13 
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Fig. 17.  Shot  4  Sensor  S14 
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Fig. 18.  Shot  4  Sensor  S15 


Fig. 19.  Shot  4  Sensor  S16 
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Fig. 20.  Shot  4  Sensor  S17 


Fig. 21.  Shot  4  Sensor  S18 
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Fig. 23.  Shot  4  Sensor  S20 
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Fig. 24.  Shot  4  Sensor  S21 
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Fig. 25.  Shot  4  Sensor  S22 
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Fig. 26.  Shot  4  Sensor  S23 


Fig. 27.  Shot  4  Sensor  S24 
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Fig. 28.  Shot  4  Sensor  S25 


Fig. 29.  Shot  4  Sensor  S26 
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Fig. 30.  Shot  4  Sensor  SI 


Fig. 31.  Shot  4  Sensor  S2 
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Fig. 32.  Shot  4  Sensor  S3 
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Fig. 33.  Shot  4  Sensor  S4 
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Fig. 34.  Shot  4  Sensor  S5 


TNO-Report 

97-CMC-R0257 


Date 

2  January  1997 


Page 
A.  19 


Centre  for  Mechanical  Engineering 


TNO 


15  n 

19 

21 

23 

25 

27 

29 

31 

33  35 

T  microstrain 

-9ins 

Fig. 36.  Shot  4  Sensor  SI 


Fig. 37.  Shot  4  Sensor  S8 
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Fig. 38.  Shot  4  Sensor  Sll 


Fig. 39.  Shot  4  Sensor  S12 
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Fig. 40.  Shot  4  Sensor  S13 


Fig. 41.  Shot  4  Sensor  S14 
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Fig. 42.  Shot  4  Sensor  S15 


Centre  for  Mechanical  Engineering 


TNO 


Fig. 43.  Shot  4  Sensor  S16 
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Fig. 44.  Shot  4  Sensor  S17 


Fig. 45.  Shot  4  Sensor  S18 
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Fig. 46.  Shot  4  Sensor  S19 


Fig. 47.  Shot  4  Sensor  S20 
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Fig. 48.  Shot  4  Sensor  S21 
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Fig. 49.  Shot  4  Sensor  S22 
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Fig. 50.  Shot  4  Sensor  S23 


Sensor  S24 


Fig.51.  Shot  4 
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Fig. 52.  Shot  4  Sensor  S25 


Fig. 53.  Shot  4  Sensor  S26 
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Fig. 54.  Shot  4  Sensor  A2 
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Fig. 55.  Shot  4  Sensor  A3 
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Fig. 58.  Shot  4  Sensor  A6 


Fig. 59.  Shot  4  Sensor  A8 
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Fig. 60.  Shot  4  Sensor  A9 
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Fig. 61.  Shot  4  Sensor  AlO 


TNO-Report 

97-CMC-R0257 


Date 

2  January  1997 


Page 

A.32 


Fig. 62.  Shot  4  Sensor  All 
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Fig. 63.  Shot  4  Sensor  A12 
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Fig. 64.  Shot  4  Sensor  A13 


Fig. 65.  Shot  4  Sensor  A14 
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Fig. 66.  Shot  4  Sensor  A16 


Fig. 67.  Shot  4  Sensor  A17 
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Fig. 68.  Shot  4  Sensor  A18 
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Fig. 69.  Shot  4  Sensor  A19 
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Fig. 70.  Shot  4  Sensor  A20 


Fig. 71.  Shot  4  Sensor  A21 
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Fig. 72.  Shot  4  Sensor  A22 
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Fig. 73.  Shot  4  Sensor  A23 
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Fig. 74.  Shot  4  Sensor  A24 
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Fig. 76.  Shot  4  Sensor  A3 
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Fig. 77.  Shot  4  Sensor  A4 
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Fig. 82.  Shot  4  Sensor  AlO 


Fig. 83.  Shot  4  Sensor  All 
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Fig. 84.  Shot  4  Sensor  A12 
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Fig. 85.  Shot  4  Sensor  A13 
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Fig. 86.  Shot  4  Sensor  A14 
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Fig. 90.  Shot  4  Sensor  A19 


TNO-Report 

97-CMC-R0257 


Date 

2  January  1997 


Page 

A.47 


Fig. 92.  Shot  4  Sensor  A21 
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Fig. 94.  Shot  4  Sensor  A23 


Fig. 95.  Shot  4  Sensor  A24 
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Fig. 98.  Shot  4  Sensor  A4 


Fig. 99.  Shot  4  Sensor  A5 
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Fig. 100.  Shot  4  Sensor  A6 
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Fig. 102.  Shot  4  Sensor  A9 


Fig. 103.  Shot  4  Sensor  AlO 
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Fig. 104.  Shot  4  Sensor  All 
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Fig. 105.  Shot  4  Sensor  A12 
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Fig. 106.  Shot  4  Sensor  A13 
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Fig. 108.  Shot  4  Sensor  A16 
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Fig. 114.  Shot  4  Sensor  A22 


Fig. 115.  Shot  4  Sensor  A23 


TNO-Report 

97-CMC-R0257 


Date 

2  January  1997 


Page 

A.59 


TNO-Report 

97-CMC-R0257 


Date 

2  January  1997 


Page 

A.60 


only  over  the  first  15  is  signal 


TNO-Report 

97-CMC-R0257 


Date 

2  January  1997 


Page 

A.61 


TNO-Report 

97-CMC-R0257 


Date 

2  January  1997 


Page 

A.62 


TNO-Report 

97-CMC-R0257 


Date 

2  January  1997 


Page 

A.63 


TNO-Report 

97-CMC-R0257 


Date 

2  January  1997 


Page 

A.64 


Centre  for  Mechanical  Engineering 


■M 

■HI 

■■■nail 

■■im 

■■ifllW 

■■■If 

Hill 

uuuu 

iSiSSBS 

uwMwmmm 

niBB 

niHB 

naai^H 

HI 

IHI 

iiaMBia 

IIIIBUI 

IIIIBUI 

■■■■■■■■■■ 

■■■■■■■■I 

MMMmmmm 

mmmm 

III^B 

■■■■ 

HI 

■■■■■■■■a 

■MiMBBaa 

mmmmmuM 

mini 

mini 

Bll 

■1 

l■■ll 

nil 

HIIHH 

HB 

m 

■1 

■■n 

nil 

IIIBBB 

IIIH 

1! 

iimi 

■ 

II 

Nil 

■■■■IM 

IB 

II 

III 

mmmm 

MB 

■11— — 

II 

mil 

■■■■iaiatra 

mmmmmun 

B 

Bi 

■11 

mmmm 

mmwM 

Hll 

SiflII 

mjmmm 

UIBBia^ 

IIIBB 

B&i 

BUI 

mmm^ 

mw/mm 

MU 

HUUJ 

Zrn^mmmm 

mmam 

IIIBB 

BBFi 

Si 

■aVBf!l!llll 

IMIMII 

■■■■III 

Bi 

■Bll 

■1 

Hll 

nil 

IIIBB 

niB 

BI 

■1 

nn 

nil 

III^^^B 

IliB 

■il 

■1 

linn 

i 

III 

■  MMH 

■laina 

MB 

■«■— — 

1 

B 

■■iniBi 

MB 

«■■■■■■■■ 

1 

HI! 

■■IMMaBB 

B 

Bi 

■11 

■■1 

■■■■ 

■■■■ 

Mil 

lliBSS 

mmm 

■SSh 

■il 

HI 

■■■ 

■Bini 

■■■■ 

■■n 

IIIMH 

IlIBBBi 

III^B 

Bi 

mt 

■■■■■■I 

BHBMIl 

M 

■Bll 

nil 

IIIBHH 

NIB 

HU 

■1 

nil 

IIIB 

a 

iniiiii 

imiii 

■ 

i 

III 

IB 

i 

III 

MB 

a 

■ 

lE-3  lE-2  U-l  lEO 

t  pseudo  velocity  [m/s]  ^kHz 


Fig.126.  Shot  4  MAXIMAX  Sensor  A13 


TNO-Report 

97-CMC-R0257 


Date 

2  January  1997 


Page 

A.65 


TNO-Report 

97-CMC-R0257 


Date 

2  January  1997 


Page 

A.66 


Centre  for  Mechanical  Engineering 


SB 

■■■ 

■HHiai 

■aiiaiHi 

mmimm 

MHMHMB 

■■■■■MM 

iiiHHm 

wmm 

■maiaii 

■SIBBI 

■■■■1 

»■■■■■■ 

IIIMHHI 

BS 

■MMaasB  : 

■■■■l■l■■«  ^ 

mwmmmmMt 

■nmit 

■■■■iHirjauiiiBBaiHiBimiiiiaBHiHiaiHiiiii 

IHI! 

miMi 

mt 

■■■11 

IIIHM 

■II 

l■■llll 

m 

nil 

m^m 

■1 

Hill 

IIIH 

■1 

iniiii 

Hi 

■a 

INI 

wm 

Bl 

nil 

IB 

HI 

IMIII 

■ 

1 

mil 

■Mm 

mmmmm 

■ 

i 

WMMm 

III 

■Mi»»l 

IH 

■■■MMMI 

1 

■■■■ 

Bill 

■MHtlHMS 

■MHtI 

B 

BS 

■■■■ 

■■■I 

niMM 

m^m 

■■a 

Bl 

■■imi 

iivur 

KIIIV 

Him 

■ill 

Sll 

■■■■■■I 

iinavii 

Hniiiiii 

■1 

■III 

IIIH 

■1 

mm 

IH 

nil 

viiiuiir. 

IfH 

Bl 

Mil 

11 B 

Bl 

nil 

SB 

ill 

H 

1 

mi 

HB 

■■■■■■■■1 

11 

Bl 

■MIMI 

■iBBiBai 

in 

■■■■—I 

11 

BIH 

■IMWNMBB 

■iMaiHBai 

Bh 

Bl 

mHmim 

Mil 

■■UH] 

IlIBBB 

NIMH 

Bl 

HBl 

■HBl 

IHMI 

■■■■1 

ISiBB 

IIIBS 

BS 

■11 

HI 

■anuii 

HHBIII 

HHIIIII 

HHBill 

9 

i 

■■II 

nil 

HIB 

Bil 

Bl 

■■■■ 

nil 

HIB 

81 

HMIIIII 

mill 

■ 

i 

III 

IIB 

II 

mi 

IH 

II 

mill 

lE-3  U-2  lE-1  ISO 

t  pseudo  velocity  [m/s]  -^kHz 


Fig. 129.  Shot  4  MAXIMAX  Sensor  A17 


wm 

Us 

;re 

for 

±i±± 

Mechai 

lici 

il  Ee 

igineei 

iU=d 

rin( 

r=b 

■MMIMaS 
■  MMiaWBB 

■■■■1 

■Hnmi 

IHHIl 

IlIBB 

iiinnB 

^bS 

SBS 

■SSSi 

iHimi 

IHIII 

■■■■■■■■■! 

illBIH 

llimBnl 

Bjl 

■■IHBBII 

■■■■III 

■■■1111 

■■mill 

■1 

IHHi 

III 

HHi 

■1 

IHBI 

III 

iii^^m 

HHI 

■1 

IHBIIII 

mill 

bM 

II 

B 

11 

11 

III 

11 

II 

mil 

■rjiMwi 

■MWMI 

MMni 

■SSS 

■'■navi 

mmmw 

rimsiii 

■■■■■■MB 

nissBS 

IIIBUB 

■■■■Uil 

■■iSBl 

■BUI 

■■■smm 

iiimmi 

«■■■ 

wamm 

imH 

■  MBiBBSa 

■miBiii 

Si 

iHni!i 

IHIII 

llli 

IIIHHH 

mSm 

HI 

■11 

■1 

■HBII 

IHUI 

nil 

Ijjlllll^ 

|||B|m 

IHBIIII 

IHIIIII 

niniii 

HI 

nil 

IlIBi 

■1 

nil 

B 

Bl 

IHII 

HH 

1 

nil 

■ 

i 

H 

■ 

II 

Hi 

mmm 

■■■■ 

Bis 

■MIHSl 

■■■MHIM 

■■■■■■■■1 

niSBH 

■fMHMBI 

I^Mli'J 

ISBifl 

I  HHI 

■Miiai 

■SiSHI 

■■■■■MM 

v'smm 

SHIM 

■wmsii 

■■■■1 

■■■II 

III! 

ill&B 

Bl 

Bl 

■HBII 

■■III 

mil 

IHBIIII 

■Hllll 

lllllll 

ni 

ini 

SB 

HI 

Hill 

II B 

IS 

Hlllll 

18-2 

m 

B 

■ 

m 

III 

II  W/li^ 

IS 

Bill 

lE-3  11*2 

t  pseudo  velocity  [m/s] 

U-1  UD 

-^kHz 

Fig. 130.  Shot  4  MAXIMAX  Sensor  A18 


TNO-Report 

97-CMC-R0257 


Date 

2  January  1997 


Page 

A.67 


TNO-Report 

97-CMC-R0257 


Date 

2  January  1997 


Page 

A.68 


III 

Centre  for  Mechanical  Engineering 

m 

^S8 

■taHMiapi 

SSSil 

fSiSBBSI 

si 

__ 

niHiHi 

B8fl! 

SSb 

■■■■■■■■I 

■Ml  ■!■■■■ 

BIMBBII 

m 

IS-l 

SBS 

anaiBi 

■■■II 

mmn 

H|inBBBB| 

— — 

BIBIBI 

■■11 

■■II 

iii^B 

— 

BBIBIBHI 

■■■nil 

■mill 

MIK 

laiBII 

IIISB 

ni 

B' 

■n 

IliB 

Bl 

niiiii 

nil 

nil!! 

((■I 

ni 

1 

III 

((■B 

■1 

iiiiiii 

■ 

1 

Hill 

■ 

■■■■■■■■Hi' 

1 

I 

II 

■■HlHi 

■ 

■■■■■■■HI 

i 

■ 

— 

_ 1_ 

■Mimi 

aainai 

■■■.«■■■■■ 

— 

■■ 

HiHIHI 

■iaiBi 

■■■■■■■■■ 

iiiBaaBH 

IBS 

IlMHRH^n 

■■■Bl 

IIIKJH 

■U! 

IIIH^HnBIB 

IMI'illi|!| 

T 

■■■11 

nijiniM 

■■II 

nilHMM 

■ill 

II■IIIWI|| 

■■■II 

■III 

'lllHHI 

Ml 

inilITtill' 

IBI 

nil 

iilBS 

an 

B 

■III 

iilan 

Bll 

llllll'l 

■1 

nil 

HHI 

■ 

i 

ill 

IIH 

HI 

niiH 

1 

■na 

nil 

■HMBI 

IIH 

■■■■■■■■■■ 

■■■■■■■Hi 

HiaHMI 

1 

1 

1 

mmm\ 

B 

■■■■HBBHHj 

HiiHan 

II 

Mill 

■■■■^■■■ff 

■IMHI^B^i 

mmmmmmt 

Sm 

Si 

■BIHBI 

■■■II 

■■ill 

nil 

iiiSiSSB 

;■■ 

m 

1 

B 

iflinB! 

■■II 

■111 

ill 

ilIBBBBB 

liiSSm 

Ibi 

ni 

ilBlilBill 

■■■■III 

■mill 

lilllll 

■1 

nil 

mm 

■ 

1 

III 

IIIBI 

■I 

mill 

II 

Ml 

■ 

■ 

1 

II 

IB 

II 

Mill 

11-3  11-2  11-1  IKO 

t  pseudo  velocity  [m/s]  -^kHz 

Fig.  134.  Shot  4  miMAX  Sensor  A22 


TNO-Report 

97-CMC-R0257 


Date 

2  January  1997 


Page 

A.69 


TNO-Report 

97-CMC-R0257 


Date 

2  January  1997 


Page 

A.70 


Fig. 137.  Shot  4  Sensor  R1 
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Fig. 139.  Shot  4  Sensor  R3 
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Fig. 140.  Shot  4  Sensor  R4 
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Fig. 141.  Shot  4  Sensor  R1 
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Fig. 144.  Shot  4  Sensor  R4 
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Fig. 146.  Shot  5  Sensor  FI 
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Fig. 148.  Shot  5  Sensor  SI 


Fig. 149.  Shot  5  Sensor  S2 
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Fig. 150.  Shot  5  Sensor  S3 


Fig. 151.  Shot  5  Sensor  S4 
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Fig. 152.  Shot  5  Sensor  S5 


Fig. 153.  Shot  5  Sensor  S6 
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Fig. 155.  Shot  5  Sensor  S8 
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Fig. 156.  Shot  5  Sensor  Sll 


Fig. 157.  Shot  5  Sensor  S12 
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Fig. 158.  Shot  5  Sensor  S13 
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Fig. 159.  Shot  5  Sensor  S14 
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Fig. 160.  Shot  5  Sensor  S15 


Fig. 161.  Shot  5  Sensor  S16 
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Fig. 162.  Shot  5  Sensor  S17 
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Fig. 164.  Shot  5  Sensor  S19 


Fig. 165.  Shot  5  Sensor  S20 
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Fig. 167.  Shot  5  Sensor  S22 
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Fig. 168.  Shot  5  Sensor  S23 


Fig. 169.  Shot  5  Sensor  S24 
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Fig. 170.  Shot  5  Sensor  S25 


Fig. 171.  Shot  5  Sensor  S26 
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Fig. 172.  Shot  5  Sensor  SI 


Fig. 173.  Shot  5  Sensor  S2 
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Fig. 174.  Shot  5  Sensor  S3 
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Fig. 175.  Shot  5  Sensor  S4 
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Fig. 176.  Shot  5  Sensor  S5 


Fig. 177.  Shot  5  Sensor  S6 
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Fig. 178.  Shot  5  Sensor  S7 


Fig. 179.  Shot  5  Sensor  S8 
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Fig. 180.  Shot  5  Sensor  Sll 


Fig. 181.  Shot  5  Sensor  S12 
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Fig. 182.  Shot  5  Sensor  S13 
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Fig. 183.  Shot  5  Sensor  S14 
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Fig. 184.  Shot  5  Sensor  S15 


Fig. 185.  Shot  5  Sensor  S16 
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Fig. 186.  Shot  5  Sensor  S17 
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Fig. 187.  Shot  5  Sensor  S18 
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Fig. 188.  Shot  5  Sensor  S19 
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Fig. 189.  Shot  5  Sensor  S20 


TNO-Report 

97-CMC-R0257 


Date 

2  January  1997 


Page 

A.97 


Fig. 191.  Shot  5  Sensor  S22 
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Fig. 192.  Shot  5  Sensor  S23 


Fig. 193.  Shot  5  Sensor  S24 
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Fig. 194.  Shot  5  Sensor  S25 


Fig. 195.  Shot  5  Sensor  S26 
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Fig. 196.  Shot  5  Sensor  A2 


Fig. 197.  Shot  5  Sensor  A5 
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Fig. 199.  Shot  5  Sensor  A8 
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Fig. 200.  Shot  5  Sensor  A9 


Fig. 201.  Shot  5  Sensor  AlO 
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Fig. 202.  Shot  5  Sensor  All 
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Fig. 203.  Shot  5  Sensor  A12 
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Fig. 204.  Shot  5  Sensor  A13 
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Fig. 208.  Shot  5  Sensor  A17 


Fig. 209.  Shot  5  Sensor  A22 
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Fig. 210.  Shot  5  Sensor  A25 


Fig. 211.  Shot  5  Sensor  A26 
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Fig. 215.  Shot  5  Sensor  A5 
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Fig. 216.  Shot  5  Sensor  A6 


Fig. 217.  Shot  5  Sensor  A8 
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Fig. 218.  Shot  5  Sensor  A9 


TNO-Report 

97-CMC-R0257 


Date 

2  January  1997 


Page 

A.112 


Centre  for  Mechanical  Engineering  TNO 


10  20  30  40  50  (0  70  80  90  lOO 

t  velocity  [m/s] _ -»ms 

Fig. 220.  Shot  5  Sensor  A13 


Fig. 221.  Shot  5  Sensor  A14 


TNO-Report 

97-CMC-R0257 


Date 

2  January  1997 


Page 

A.113 


Centre  for  Mechanical  Engineering 


10  20  30  40 

t  velocity  [m/s] 


Fig. 222.  Shot  5  Sensor  A15 


00  100 

-4ms 


Centre  for  Mechanical  Engineering 


10  20  30  40 

t  velocity  [m/s] 


Fig. 223.  Shot  5  Sensor  A16 


TNO-Report 

97-CMC-R0257 


Date 

2  January  1997 


Page 

A.114 


Fig. 224.  Shot  5  Sensor  A17 


Fig. 225.  Shot  5  Sensor  A22 
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Fig. 228.  Shot  5  Sensor  A27 


Fig. 229.  Shot  5  Sensor  A28 
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Fig. 2 34.  Shots  Sensor  A9 
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Fig. 236.  shots  Sensor  A13 
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Fig. 240.  shots  Sensor  A17 
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Fig. 243.  shots  Sensor  A26 
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Fig. 244.  Shots  Sensor  A27 
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Fig. 247.  shots  Sensor  A26  and  sensor  A28 
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Fig. 262.  Shot  5  Sensor  R2 
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Fig. 271.  Shot  6  Sensor  S3 


Fig. 272.  Shot  6  Sensor  S4 
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Fig. 275.  Shot  6  Sensor  S7 


Fig. 276.  Shot  6  Sensor  S8 
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Fig. 277.  Shot  6  Sensor  Sll 


Fig. 278.  Shot  6  Sensor  S12 
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Fig. 279.  Shot  6  Sensor  S13 


Fig. 280.  Shot  6  Sensor  S14 
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Fig. 281.  Shot  6  Sensor  S15 


Fig. 282.  Shot  6  Sensor  S16 


TNO-Report 

97-CMC-R0257 


Date 

2  January  1997 


Page 
A.  144 


Fig. 283.  Shot  6  Sensor  S17 


Fig. 284.  Shot  6  Sensor  S18 
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Fig. 285.  Shot  6  Sensor  S19 
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Fig. 287.  Shot  6  Sensor  S21 


Fig. 288.  Shot  6  Sensor  S22 
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Fig. 290.  Shot  6  Sensor  S24 
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Fig. 291.  Shot  6  Sensor  S25 


Fig. 2 92.  Shot  6  Sensor  S26 


TNO-Report 

97-CMC-R0257 


Date 

2  January  1997 


Page 
A.  149 


Fig. 294.  Shot  6  Sensor  S2 
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Fig. 297.  Shot  6  Sensor  S5 
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Fig. 299.  Shot  6  Sensor  S7 


Fig. 300.  Shot  6  Sensor  S8 
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Fig. 302.  Shot  6  Sensor  S12 
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Fig. 303.  Shot  6  Sensor  S13 
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Fig. 305.  Shot  6  Sensor  S15 


Fig. 306.  Shot  6  Sensor  S16 
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Fig. 307.  Shot  6  Sensor  S17 
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Fig. 309.  Shot  6  Sensor  S19 
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Fig. 311.  Shot  6  Sensor  S21 


Fig. 312.  Shot  6  Sensor  S22 
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Fig. 314.  Shot  6  Sensor  S24 
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Fig. 319.  Shot  6  Sensor  A6 


Fig. 320.  Shot  6  Sensor  A8 
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Fig. 325.  Shot  6  Sensor  A13 
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Fig. 326.  Shot  6  Sensor  A14 
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Fig. 333.  Shot  6  Sensor  A27 
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Fig. 335.  Shot  6  Sensor  A2 


Fig. 336.  Shot  6  Sensor  A5 
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Fig. 339.  Shot  6  Sensor  A9 
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Fig. 342.  Shot  6  Sensor  A12 


TNO-Report 

97-CMC-R0257 


Date 

2  January  1997 


Page 
A.  174 


Fig. 343.  Shot  6  Sensor  A13 


Fig. 344.  Shot  6  Sensor  A14 
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Fig. 345.  Shot  6  Sensor  A15 
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Fig. 346.  Shot  6  Sensor  A16 
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Fig. 348.  Shot  6  Sensor  A22 
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Fig. 349.  Shot  6  Sensor  A25 


Centre  for  Mechanical  Engineering 


TNO 


Fig. 350.  Shot  6  Sensor  A26 
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Fig. 351.  Shot  6  Sensor  A27 
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Fig. 352.  Shot  6  Sensor  A28 
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Fig. 353.  Shot  6  Sensor  A2 


Fig. 354.  Shot  6  Sensor  A5 
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Fig. 355.  Shot  6  Sensor  A6 


Fig. 356.  Shot  6  Sensor  A8 
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Fig. 357.  Shot  6  Sensor  A9 
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Fig. 358.  Shot  6  Sensor  AlO 
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Fig. 359.  Shot  6  Sensor  All 
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Fig. 361.  Shot  6  Sensor  A13 
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Fig. 365.  Shot  6  Sensor  A17 
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Fig. 366.  Shot  6  Sensor  A22 
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Fig. 367.  Shot  6  Sensor  A25 
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Fig. 368.  Shot  6  Sensor  A26 
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Fig. 369.  Shot  6  Sensor  A27 
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Fig. 370.  Shot  6  Sensor  A28 
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Fig. 372.  Shot  6  Sensor  A26  and  sensor  A28 
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Fig.375.  Shot  6  MAXim  Sensor  A8 
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Fig.378.  Shot  6  MAXIMAX  Sensor  All 
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Fig.383.  Shot  6  mim  Sensor  A22 


Fig.384.  Shot  6  MAXIMAX  Sensor  A25 
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Fig.386.  Shot  6  miMAX  Sensor  A27 
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Fig. 388.  Shot  6  Sensor  R1 
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Fig. 389.  Shot  6  Sensor  R2 
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Fig. 390.  Shot  6  Sensor  R3 


Fig. 391.  Shot  6  Sensor  R4 


TNO-Report 

97-CMC-R0257 


Date 

2  January  1997 


Page 
A.  199 


-100 

\ 

•1?0 

\ 

/ 

-140 

\ 

/ 

-160 

Ff: 

0  30 

T  displacement  [mn 

60  90  120  ISO  ISO  210  260  270  300 

i]  ^ms 

Fig. 392.  Shot  6  Sensor  R1 


Centre  for  Mechanical  Engineering 


0  30  60  90 

t  displacement  [mm] 


Fig. 393.  Shot  6  Sensor  R2 


270  300 

^ms 


ONGERUBRICEERD 


REPORT  DOCUMENTATION  PAGE 


1.  DEFENCE  REPORT  NUMBER 

2.  RECIPIENT’S  ACCESSION  NUMBER 

(MOD-NL) 

TD  97  -  0056 

4.  PROJECT/TASK/WORK  UNIT  NO. 

5.  CONTRACT  NUMBER 

62376522 

A96/KM/118 

7.  NUMBER  OF  PAGES 

8.  NUMBER  OF  REFERENCES 

221  (incl.  appendices  &  excl.  RDP  + 
Distr.  List) 

3 

REPORT  NUMBER 
97-CMC-R0257 


6.  REPORT  DATE 
2  Januaiy  1997 


9.  TYPE  OF  REPORT  AND  DATES 
COVERED 
Final  Report 


10.  TITLE  AND  SUBTITLE 

UNDEX  SHOCK  TRIALS  TROIKA  DRONE; 
MEASUREMENTS  SHOT  4,5  and  6 


11.  AUTHOR(S) 
B.  Bosnian 


12.  PERFORMING  ORGANIZATION  NAME(S)  AND  ADDRESS(ES) 

Centre  for  Mechanical  Engineering 

Leeghwaterstraat  5 

2628  CA  DELFT,  The  Netherlands 


13.  SPONSORING/MONITORING  AGENCY  NAME(S)  AND  ADDRESSES(S) 

Sponsor:  Neflierlands  Ministry  of  Defence,  V.d.Burchlaan  31 ,  2597  PC  DEN  HAAG 

Monitoring  agency:  TNO  Defence  Research,  Schoemakerstraat  97,  2628  VK  DELFT,  The  Netherlands 


14.  SUPPLEMENTARY  NOTES 

The  Centre  for  Mechanical  Engineering  is  part  of  TNO  Building  and  Construction  Research 
Ongerubriceerd  is  equivalent  to  Unclassified 


15.  ABSTRACT  (MAXIMUM  200  WORDS,  1044  BYTES) 

In  the  scope  of  the  development  of  die  Trojka  drone  a  test  structure  has  been  subjected  to  2  series  of  3  underwater  shock  loads  of 
increasing  shock  levels. 

During  these  tests  TNO  carried  out  measurements  with  24  strain  gauges,  28  accelerometers,  4  relative  displacement  transducers  and 
2  pressure  transducers. 

This  rqiort  presents  the  measured  pressure  signals,  strain  signals,  relative  di^lacements,  accelerations,  die  calculated  ntaximax 
shock  response  spectra  (at  1  %  damping)  and,  by  integration  of  the  accelerations,  velocities  and  displacements,  of  the  second  series 
of  3  measurements. 


16.  DESCRIPTORS 
Underwater  explosion 
Ship  structure 
Shock  response 


IDENTIFIERS 
Shock  measurements 
shock  mounting 


17a.  SECURITY  CLASSIHCATION 
(OF  REPORT) 

ONGERUBRICEERD 


17b.  SECURITY  CLASSIFICATION 
(OF  PAGE) 

ONGERUBRICEERD 


17c.  SECURITY  CLASSIFICATION 
(OF  ABSTRACT) 

ONGERUBRICEERD 


18.  DISTRIBUTION/AVAILABILITY  STATEMENT 

UnUmited  availability,  requests  shall  be  referred  to  sponsor 


17d.  SECURITY  CLASSIFICATION 
(OF  TITLES) 
ONGERUBRICEERD 


ONGERUBRICEERD 


DISTRIBUnELUST  RAPPORT  97-CMC-R0257 
Instituut:  TNO  Bouw  CMC 
Project  A96/KM/118 

DWOO 

HWO-Centrale  Organisatie 

HWO-KM 

HWO-KL 

HWO-Klu 

Projectleider  DMKM 
Bureau  TNO-DO 

TNO-Centrum  voor  Mechanische  Constructies 
Bibliotheek  KMA 

(B)  =  Beperkt  rapport 


